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http://dx.doi.org/10.1016/j.asjsur.20Summary A 24-year-old male Navy soldier was struck on the left thigh by a ruptured cable
and was subsequently thrown into the sea. Initial evaluation showed an Injury Severity Score
of 34. Core body temperature was 34.1C. Laboratory data included a hemoglobin level of
4.5 g/dL and a hematocrit of 13.3%. Prothrombin time was prolonged (>100 seconds), interna-
tional normalized ratio was elevated (9.99), and partial thromboplastin time was elevated
(>180 seconds). The patient was treated for hypothermia, coagulopathy, and metabolic
acidosis during resuscitation. The patient was transfused with 16,320 mL of blood during the
first 24 hours following the accident, including 4500 mL (18 units) of warm fresh whole blood
(WFWB) donated by the patient’s military colleagues. The patient was successfully resusci-
tated, and the injured leg was salvaged. Component therapy can afford replacement of
specific deficiencies or requirements, decrease the risk of transfusion-transmitted infectious
diseases, and improve resource utilization. However, a protocol of early transfusion with
WFWB should be considered during resuscitation following massive hemorrhage in specific
conditions such as battle fields or urgent situations.
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Being hit by a cable or rope used in the mooring or towing of
a ship can result in massive blunt trauma, often in the form
of crushing injuries to bones, muscles, blood vessels, and
nerves in the area of contact. Severe contusions associated
with complex (and occasional open) fractures of an
extremity often force the medical staff to consider the
salvageability of a limb. Before the era of revasculariza-
tion, amputation was the standard of treatment required to
save the patient; unfortunately, this course of action
usually resulted in major disability. Here, a case involving
the successful resuscitation of a patient with significant
hemorrhage from severe lower extremity trauma, without
the need for amputation, is described. The patient
received a massive transfusion, including warm fresh whole
blood (WFWB), without the development of transfusion-
related acute lung injury.
2. Case report
A 24-year-old Navy sergeant was hit by a moving, heavy
steel cable in the left inguinal area and was knocked into
the sea. Upon presentation to the emergency department,
the patient’s blood pressure (BP) was undetectable. The
patient’s core body temperature was 35.6C, heart rate
165 beats/min, and respiratory rate 24 breaths/min. The
Injury Severity Score was 34. Primary resuscitation was
achieved with a massive transfusion of 8500 mL of crystal-
loid fluid and 2000 mL of packed red blood cells (PRBCs)
during the first 2 hours of admission. After tourniquet
compression and fixation with air splint on the left thigh,
the patient was transferred to our hospital for the treat-
ment of hypovolemic shock (BP 63/21 mmHg) and hypo-
thermia (34.1C). An open fracture of the shaft of the left
femur with active bleeding was noted, and the pulse of the
left dorsalis pedis artery was absent. No intra-abdominal
fluid accumulation was noted on ultrasonography. Labora-
tory analysis revealed a hemoglobin level of 4.5 g/dL and
a hematocrit of 13.3%. Prolongation of the prothrombin
time (PT) (>100 seconds), increase in international
normalized ratio (INR) (9.99), and increase in partial
thromboplastin time (PTT) (>180 seconds) were also noted.
Emergent surgery was performed due to concerns about
femoral vessel injury and exsanguination. A long incision
was created to explore the femoral vessels and to gain
proximal control of the bleeding. A crushed segment of the
femoral vein was repaired with interposition of graft tissue
from the distal left great saphenous vein. The damaged
femoral artery was bypassed using a spiral vein graft.
External fixation was used for the treatment of the femoral
shaft fracture. The surgical wound was kept open and
dressed with wet gauzes. At the end of the operation, the
body temperature was 34.2C, platelet count was 73,000/
mL, and the calcium level was 8.0 mg/dL. Warming blan-
kets, lamps, and heaters on infusion lines in the intensive
care unit were used to elevate the core temperature
rapidly. A total of 10 mL of a 10% calcium gluconate solution
was administered with each 1000 mL of blood supplement.
The patient was transfused with 26 units of PRBCs, 10
units of platelets, and 12 units of fresh frozen plasmaintraoperatively; however, coagulopathy persisted even
after the metabolic acidosis and hypothermia had been
gradually corrected. Postoperatively, both the PT (20.7
seconds) and the INR (2.17) improved; however, the PTT
remained prolonged at >180 seconds. WFWB donated by
the patient’s military colleagues was transfused to correct
the coagulopathy. A total volume of 16,320 mL of blood,
including 4500 mL of WFWB, was transfused during the first
24 hours of admission. The patient gradually recovered
consciousness and was extubated on Day 5. Neither acute
lung injury nor acute respiratory distress syndrome man-
ifested during this period. The patient was discharged and
began rehabilitation 1 month after sustaining injuries.
3. Discussion
Severe injury in conjunction with the presence of coagulop-
athy at the time of hospital admission is associated with poor
outcomes.1,2 An initial abnormal PT further increases the
adjusted odds mortality rate by 35%. Furthermore, an initial
abnormal PTT increases the adjusted odds mortality rate by
326%.3 Exsanguination leads to acidosis and hypothermia,
resulting in coagulopathy that perpetuates further bleeding.4
Several factors can lead to the dilution of the body’s coagu-
lation factors, including direct loss of coagulation factors
through hemorrhage, infusion of fluids without clotting
factors, and delayed administration of blood components to
correct the ongoing coagulopathy.5 Even the use of compo-
nent products in a similar ratio to whole blood (transfusion of
RBCs, plasma, and platelets in a 1:1:1 ratio) for patients with
massive transfusionwould still provide a significantly anemic,
thrombocytopenic, and coagulopathic product compared
with a whole blood product.6 Addition of anticoagulants,
additive solutions in stored components, stored RBCs, and
loss of coagulation factor activity are the drawbacks of the
reconstituted whole blood.7,8 Administration of WFWB
corrects dilutional coagulopathy; evidence exists suggesting
that a single unit of WFWB has the hemostatic effect equiv-
alent to 10 units of platelets.9 Component therapy is still the
standard treatment for blood transfusion, which can afford
replacement of specific deficiencies or requirements,
decrease the risk of transfusion-transmitted infectious
diseases, and improve resource utilization. Although no
defined protocol regarding transfusion for the treatment of
coagulopathyhas beendocumented, administration ofWFWB
has been proved to be safe and beneficial in the military
setting.10,11 Becauseof thecomplexityofbloodbanking in the
civilian setting, the use of WFWB is rare. Considering the
positive results noted in this case, use of WFWB in civilian
trauma centers can be considered in some occasions such as
battle fields or urgent situations.References
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